the chloride monohydrate structure is also closely related to these.
Proton transfer to the sulfa drug sulfadiazine [systematic name: 4-amino-N-(pyrimidin-2-yl)benzenesulfonamide] gave eight salt forms. These are the monohydrate and methanol hemisolvate forms of the chloride (2-{[(4-azaniumylphenyl)sulfonyl]azanidyl}pyrimidin-1-ium chloride monohydrate, C 10 H 11 N 4 O 2 S + ÁCl À ÁH 2 O, (I), and 2-{[(4-azaniumylphenyl)sulfonyl]azanidyl}pyrimidin-1-ium chloride methanol hemisolvate, C 10 H 11 N 4 O 2 S + ÁCl À Á0.5CH 3 OH, (II)); a bromide monohydrate (2-{[(4-azaniumylphenyl) sulfonyl]azanidyl}pyrimidin-1-ium bromide monohydrate, C 10 H 11 N 4 O 2 S + ÁBr À ÁH 2 O, (III)), which has a disordered water channel; a species containing the unusual tetraiodide dianion [bis (2-{[(4-azaniumylphenyl) sulfonyl]azanidyl}pyrimidin-1-ium) tetraiodide, 2C 10 H 11 N 4 -O 2 S + ÁI 4 2À , (IV)], where the [I 4 ] 2À ion is located at a crystallographic inversion centre; a tetrafluoroborate monohydrate (2-{[(4-azaniumylphenyl) sulfonyl]azanidyl}pyrimidin-1-ium tetrafluoroborate monohydrate, C 10 H 11 N 4 O 2 S + ÁBF 4 À Á-H 2 O, (V)); a nitrate (2-{[(4-azaniumylphenyl) sulfonyl]azanid-yl}pyrimidin-1-ium nitrate, C 10 H 11 N 4 O 2 S + ÁNO 3 À , (VI)); an ethanesulfonate {4-[(pyrimidin-2-yl)sulfamoyl]anilinium ethanesulfonate, C 10 H 11 N 4 O 2 S + ÁC 2 H 5 SO 3 À , (VII)}; and a dihydrate of the 4-hydroxybenzenesulfonate {4-[(pyrimidin-2-yl)sulfamoyl]anilinium 4-hydroxybenzenesulfonate dihydrate, C 10 H 11 -N 4 O 2 S + ÁHOC 6 H 4 SO 3 À Á2H 2 O, (VIII)}. All these structures feature alternate layers of cations and of anions where any solvent is associated with the anion layers. The two sulfonate salts are protonated at the aniline N atom and the amide N atom of sulfadiazine, a tautomeric form of the sulfadiazine cation that has not been crystallographically described before. All the other salt forms are instead protonated at the aniline group and on one N atom of the pyrimidine ring. Whilst all eight species are based upon hydrogen-bonded centrosymetric dimers with graph set R 2 2 (8), the two sulfonate structures also differ in that these dimers do not link into one-dimensional chains of cations through NH 3 -to-SO 2 hydrogen-bonding interactions, whilst the other six species do. The chloride methanol hemisolvate and the tetraiodide are isostructural and a packing analysis of the cation positions shows that
Introduction
Sulfadiazine [systematic name: 4-amino-N-(pyrimidin-2-yl)benzenesulfonamide] is a sulfonamide antibiotic which is often used in the form of an Ag I complex within a topical cream (Fisher et al., 2003) . Although crystal structures of both sulfadiazine and its Ag I complex have been known for some time (Kokila et al., 1995; Cook & Turner, 1975) , and despite the general interest in modifying physicochemical properties of Active Pharmaceutical Ingredients (APIs) by salt formation (Stahl & Wermuth, 2008) , it is only recently that Englert and co-workers described the first structures of salt forms containing protonated sulfadiazine cations (Pan et al., 2013) . That study on two solvated forms of sulfadiazine hydrochloride used charge-density measurements to probe the unusual protonation behaviour of sulfadiazine -which was shown to form cations by protonating two N atoms of the aniline group and the pyrimidine ring whilst leaving the amide N atom unprotonated and formally carrying a negative charge. This is contrary to what may be expected based on pK a values and to what has been observed for cations of the related sulfonamide drug sulfamethazine (Smith & Wermuth, 2013a,b; Lu et al., 2008) , where the weakly basic aniline group remains neutral as an NH 2 species. In order to further examine this feature, we extend the number of sulfadiazine salt structues known by presenting eight new structures, viz. compounds (I)-(VIII) (see Scheme). (4), 11.5632 (8), 11.7430 (8) 5.6468 (2), 11.2749 (4), 11.8363 (8) 11.9420 (3), 5.6295 (2), 21.0659 (6) 5.7792 (4), 12.0002 (7), 12.5214 (9) , , ( ) 109.462 (7), 94.399 (6), 102.509 (7) 64.254 (5) Following the method of Buist et al. (2013) , chloride methanol hemisolvate (II) was prepared by adding acetyl chloride (1 ml) to a methanol solution (4 ml) of sulfadiazine (0.226 g). Crystals were grown directly from the reaction mixture by slow evaporation of the solvent. All other compounds were obtained by adding the appropriate acid to aqueous solutions of sulfadiazine in water, filtering to obtain clear solutions, and then allowing slow evaporation of the solvent to promote crystal growth. Solid-state IR spectra were measured with an A 2 Technologies ATR instrument and are included in the Supporting information.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . For all eight title structures, H atoms bound to C atoms were placed in the expected geometric positions and treated in riding modes, with C-H = 0.95 Å and U iso (H) = 1.2U eq (C), except for methyl H atoms, for which C-H = 0.98 Å and U iso (H) = 1.5U eq (C). With the exceptions noted below, H atoms bound to O or N atoms were placed as found and refined isotropically. For all hydrates, the O-H and HÁ Á ÁH distances of the water molecules were restrained to 0.88 (1) and 1.33 (2) Å , respectively. Similarly, the O-H distance of the methanol solvent molecule in (II) was restrained to 0.88 (1) Å and the azanium N-H distances in (VII) were restrained to 0.91 (1) Å . For (I), (II) and (III), the solvent H atoms were also given displacement parameters such that U iso (H) = 1.2U eq (O). For (I), atoms H2W and H3W have site-occupancy factors of 0.5. For tetraiodide (IV), it was found neccessary to set the U iso (H) values at 1.2U eq (N) for the H atoms bound to N atoms. For (III), the water molecule was found to be disordered over several sites that formed a channel. In the final structure, after numerous trial calculations, this was modelled as four O-atom sites. These were constrained to have equal displacement parameters and their individual site-occupancy parameters were allowed to refine independently but were restrained to sum to unity. This gave final values of 0.453 (10), 0.248 (10), 0.161 (6) and 0.139 (4) for O1W, O2W, O3W and O4W, respectively. For these disordered sites, H atoms could only be placed on the major component, i.e. O1W, with U iso (H) = 1.5U eq (O). For the amide H atom in (III), U iso (H) values were set at 1.2U eq (N) and for the anilinium groups in (III) and (VII) they were set at 1.5U eq (N).
Results and discussion
Two chloride-containing salt phases were prepared, i.e. a chloride monohydrate, (I) ( Fig. 1) , obtained from aqueous solution and a methanol hemisolvate, (II) (Fig. 2) , obtained by reacting sulfadiazine with acetyl chloride in methanol [see Buist et al. (2014) for another example of the use of these reagents for obtaining differently solvated forms of APIs]. Methanol hemisolvate (II) is isostructural with the ethanol and ethylene glycol solvates described previously by Pan et al. (2013) . All three isostructural forms feature a solvent molecule at a crystallographic inversion centre. For the methanol hemisolvate, (II), and ethanol species this results in a disordered solvent site with half-occupancy atoms. Chloride monohydrate (I) also has a very similar structure, as can be shown by constructing 20-molecule overlays in Mercury (Macrae et al., 2008; Allen, 2002) . These confirm that all four chloride forms have 20 out of 20 cation positions in common (when software option 'ignore smallest molecular components' is selected and 30% geometric tolerances are allowed). For (I), the smaller solvent size means that two water molecules can be accommodated at the solvent site with no Oatom disorder. The H atoms of the water molecule are, however, disordered, with H2W and H3W being alternative sites both with site-occupancy factors of 0.5. These disordered H atoms take part in water-to-water hydrogen-bond contacts which give polymeric chains of connected water molecules that extend parallel to the crystallographic a direction. The remaining well-ordered H atom, H1W, forms a hydrogen bond to the chloride ion. The three organic solvates cannot form The molecular structure of (I), with non-H atoms shown as 50% probability displacement ellipsoids. The H2W and H3W sites are disordered and both have site-occupancy factors of 0.5.
Figure 2
The molecular structure of (II), with non-H atoms shown as 50% probability displacement ellipsoids. All atoms of the methanol solvent molecule have site-occupancy factors of 0.5. similar hydrogen-bonded solvent chains and instead form single hydrogen bonds to chloride. See Tables 2-9 for full details of the hydrogen bonding for compounds (I)-(VIII). Together, the water molecules and the chloride ions in (I) lie in sheets parallel to the ac plane. The V-shaped cations pack to give double layers and thus alternating layers of cations and solvent/halide ions exist along the crystallographic b direction ( Fig. 3 ). Layer structures are seen for all the other structures herein.
Reactions with aqueous HBr and HI gave the bromide monohydrate, (III) (Fig. 4) , and the tetraiodide, (IV) ( Fig. 5 ). Both retain the layered structure described above, but perhaps, anti-intuitively, the hydrated structure with the simple bromide counter-ion is not isostructural with the chloride phases, whereas the anhydrous structure containing [I 4 ] 2À is isostructural with the solvated chloride structures (Fig. 6 ), allowing only for a small increase in unit-cell size. This can again be shown by 20 out of 20 sulfadiazine cations having matching positions in a Mercury overlay. Although there are many species of polyiodide known, the [I 4 ] 2À anion is a rare Table 3 Hydrogen-bond geometry (Å , ) for (II). (3) 163 (6) Symmetry codes: (i) x; y þ 1; z; (ii) Àx þ 1; Ày þ 2; Àz; (iii) x À 1; y þ 1; z; (iv) Àx þ 1; Ày þ 1; Àz þ 1. Table 4 Hydrogen-bond geometry (Å , ) for (III). Symmetry codes: (i) Àx þ 1; Ày þ 2; Àz þ 2; (ii) Àx þ 1 2 ; y þ 1 2 ; Àz þ 3 2 ; (iii) x; y þ 1; z; (iv) Àx þ 2; Ày þ 2; Àz þ 2. Table 5 Hydrogen-bond geometry (Å , ) for (IV). (17) 163 (2) Symmetry codes: (i) Àx þ 1 2 ; y þ 1 2 ; Àz þ 3 2 ; (ii) Àx; Ày þ 1; Àz þ 2; (iii) Àx; Ày; Àz þ 2; (iv) x À 1; y; z. Table 7 Hydrogen-bond geometry (Å , ) for (VI). Symmetry codes: (i) x þ 1; y; z; (ii) Àx þ 1; Ày; Àz þ 1; (iii) Àx þ 1; Ày; Àz þ 2. Table 8 Hydrogen-bond geometry (Å , ) for (VII). Symmetry codes: (i) x; Ày þ 1 2 ; z þ 1 2 ; (ii) x þ 1; y; z; (iii) x þ 1; Ày þ 1 2 ; z þ 1 2 ; (iv) Àx þ 1; Ày þ 1; Àz þ 1.
Table 9
Hydrogen-bond geometry (Å , ) for (VIII). Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz þ 1; (ii) Àx þ 1 2 ; y þ 1 2 ; Àz þ 1 2 ; (iii) Àx þ 1 2 ; y þ 3 2 ; Àz þ 1 2 ; (iv) Àx þ 1; Ày þ 2; Àz; (v) Àx þ 1; Ày þ 2; Àz þ 1; (vi) Àx þ 3 2 ; y þ 1 2 ; Àz þ 1 2 ; (vii) Àx þ 1 2 ; y À 1 2 ; Àz þ 1 2 . Table 2 Hydrogen-bond geometry (Å , ) for (I). and thus much sought after variant (Weclawik et al., 2013; Svensson & Kloo, 2003) . Interestingly, a templating approach using a sulfonamide very closely related to sulfadiazine has been shown recently to allow access to tetraiodide species (Pan & Englert, 2014) . In (IV), the [I 4 ] 2À ion is nearly linear [I2 i -I2-I1 = 174.992 (16) ; symmetry code: (i) Àx À 1, Ày + 1, Àz + 2] and the I-to-I bonding is asymmetric, with a short central bond [I2-I2 i = 2.7623 (6) Å ] and two longer terminal bonds [I1-I2 = 3.3647 (4) Å ]. Despite the large difference, both I-to-I distances are within the range routinely considered to denote bonding interactions and this is a fairly typical geometry for the [I 4 ] 2À ion (Svensson & Kloo, 2003; Pan & Englert, 2014) . The [I 4 ] 2À ion lies on a crystallographic inversion centre; the similarity of the structure to the solvated chloride species is possible as the central I 2 unit occupies the space taken by solvent in the chloride structures, whilst the terminal I atoms take up the positions occupied by the chloride ions. Note that the water molecules in the hydrobromide are disordered in channels parallel to the crystallographic b direction; such disorder is often seen for other channel hydrates. In bromide monohydrate (III), the water molecule has been modelled as split over four sites and these have been restrained to have a total occupancy of 1. The packing of (I), viewed down the a axis. Note the bilayer of V-shaped cations separated by layers of chloride ions and water molecules. Here and in other figures, Cl = green, S = yellow, O = red and N = blue.
Figure 4
The molecular structure of (III), with non-H atoms shown as 50% probability displacement ellipsoids. O1W, O2W, O3W and O4W represent the partially occupied sites used to model a water molecule that is disordered in a channel parallel to the crystallographic b axis.
Figure 5
The molecular structure of (IV), with non-H atoms shown as 50% probability displacement ellipsoids. The contents of the asymmetric unit have been expanded to show a complete [I 4 ] 2À ion. [Symmetry code: (i) Àx À 1, Ày + 1, Àz + 2.]
Figure 6
Packing diagram for (IV), viewed down the a axis. The central two I atoms of each I 4 unit occupy equivalent structural sites to the solvent molecules in the chloride solvate structures.
could only be included for one of these sites, i.e. O1W, which is the water O-atom site with the largest occupancy [45.3 (10)%]. All these halide structures feature protonation at one of the pyrimidine ring N atoms and at the aniline group. This allows centrosymmetric hydrogen-bonded dimers to form which can be described using the R 2 2 (8) graph set (Bernstein et al., 1995) (Fig. 7) . For the ethylene glycol solvate of the hydrochloride salt, Pan et al. (2013) suggested that the unusual protonation of the aniline group was adopted as alternatives would disturb this energetically favourable dimeric interaction. This argument is strengthened by the persistence of the same dimeric unit through the halide structures presented here and indeed by the existence of the same dimeric unit in the hydrated tetrafluoroborate, (V) (Fig. 8 ), and nitrate, (VI) ( Fig. 9 ), salt structures. These two structures also retain the fundamental layering structure of the halide species; compare Fig. 3 with Fig. 10 . The -NH 3 + group of all the halide species acts as a threefold hydrogen-bond donor. Two of the hydrogen bonds are to halide ions and thus link the cation layers to the anion layers, but the third hydrogen bond is formed with an O atom of the -SO 2 -fragment. This third hydrogen bond links the cationic dimers into a one-dimensional chain ( Fig. 11 ). Nitrate structure (VI) is very similar, with the simple change that the -NH 3 + group forms bifurcated hydrogen bonds with O atoms of the anions, whilst the structure of the BF 4 À species (V) differs slightly in that one -NH 3 + H atom, i.e. H3N, forms a hydrogen bond with a water molecule acting as the acceptor. In all of structures (I)-(VI), this is the only direct sulfadiazineto-solvent hydrogen bond.
The final two structures both have sulfonate-based anions, viz. ethanesulfonate in (VII) ( Fig. 12 ) and 4-hydroxybenzenesulfonate in (VIII) (Fig. 13 ), and both are structurally different from the other species. In the sulfonate salts, the sulfadiazine is protonated at the aniline and amide N atoms and not at either of the pyrimidine ring N atoms. Despite this difference in tautomeric form, the R 2 2 (8) dimer of cations motif The molecular structure of (VI), with non-H atoms shown as 50% probability displacement ellipsoids.
Figure 8
The molecular structure of (V), with non-H atoms shown as 50% probability displacement ellipsoids.
Figure 10
The packing of (V), viewed down the a axis. Although not part of the isostructural group formed by the chloride and [I 4 ] 2À salts, the main stuctural features of bilayers of V-shaped cations separated by layers of anions and water molecules is retained.
Figure 7
The centrosymmetric dimer which is robust enough to be found in all structures discussed herein. This example is drawn from structure (VI) and here the two cations are related by the symmetry operation (Àx + 1, Ày, Àz + 2).
is retained. The dimeric structure is retained as the pyrimidine ring simply switches roles from hydrogen-bonding donor to hydrogen-bonding acceptor, whilst the amide group becomes the donor rather than the acceptor. Change to tautomeric form with retention of the same dimeric motif has also been described for related sulfonamides (Gelbrich et al., 2007) and indeed can be seen when comparing the structure of neutral sulfadiazine with that of its salt forms (Pan et al., 2013) . In the latter case, change in tautomeric form was accompanied by change in molecular conformation. In particular, rotation about the S-C bond varied by approximately 35 between the amide-protonated species and the ring-protonated species. A similar division is not seen herein, with the dihedral angle between the planes defined by atoms N2/S1/C4 and the C1-C6 aromatic ring varying from 43.75 (10) to 64.13 (7) for compounds (I)-(VI) and being 51.44 (14) and 60.12 (11) for (VII) and (VIII), respectively. Elacqua et al. (2013) reported that neutral and anionic forms of sulfadiazine were differentiated by S-N bond distances, with neutral species having distances of 1.61-1.65 Å and anions having distances of 1. ) and (VIII) also differ from the other sulfadiazine salts as the -SO 2 -unit takes no part in hydrogen bonding other than with water and thus individual dimers do not connect through hydrogen bonding and so the polymeric motif described in Fig. 11 is absent. Instead, in ethanesulfonate salt (VII), the three H atoms of the -NH 3 + group all donate hydrogen bonds to O atoms of the sulfonate group and in the 4-hydroxybenzenesulfonate dihydrate (VIII) the -NH 3 + group acts as a hydrogen-bond donor to two water molecules and to one O atom of a sulfonate group. Although layered structures are retained, they are not the same as seen for the other species (Fig. 14) . Only sulfonate-based anions appear to support sulfadiazine cations with the amide-protonated tautomeric form, but it is not obvious as to why this should be. As BF 4 À is a relatively poor hydrogenbond acceptor, it may be that the tetrahedral shape of the sulfonate group together with its nature as a good and thus preferred hydrogen-bond acceptor is the key. However, whilst the structure of (VII), where ethanesulfonate forms multiple hydrogen-bonding interactions with the RNH 3 + group of the sulfadiazine cation may support such a connection, the 
Figure 11
Part of the one-dimensional hydrogen-bonded chain of cations, drawn here for structure (II). The same supramolecular motif is found in structures (I)-(VI). Here the view is down the a axis and the chain extends along the [011] diagonal.
Figure 12
The molecular structure of (VII), with non-H atoms shown as 50% probability displacement ellipsoids.
Figure 13
The molecular structure of (VIII), with non-H atoms shown as 50% probability displacement ellipsoids. structure of dihydrate (VIII), where the sulfonate group mostly interacts with water molecules, does not.
We thank the National Crystallography Service (University of Southampton) for the data collections on (I) and (II) (Cole & Gale, 2012) . CM wishes to thank the Nuffield Foundation for funding a research placement at the University of Strathclyde. Refinement. One H atom of water molecule positioned as disordered over two sites. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
(I) 2-{[(4-Azaniumylphenyl)sulfonyl]azanidyl}pyrimidinium chloride monohydrate
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (5) C8 0.0166 (7) 0.0129 (6) 0.0131 (6) 0.0048 (5) 0.0018 (5) 0.0046 (5) C9 0.0158 (7) 0.0139 (6) 0.0172 (7) −0.0001 (5) 0.0002 (5) 0.0044 (5) C10 0.0132 (7) 0.0178 (7) 0.0198 (7) 0.0010 (5) 0.0037 (5) 0.0087 (6) Geometric parameters (Å, º) S1-O2 1.4397 (10) N4-C7 1.3484 (18) S1-O1 1.4530 (10) C1-C2 1.387 (2) S1-N2 O2-S1-O1 115.44 (6) C3-C2-H2 120.7 O2-S1-N2 115.82 (6) C2-C3-C4 119.88 (13) O1-S1-N2 103.55 (6) C2-C3-H3 120.1 O2-S1-C4 106.80 (6) C4-C3-H3 120.1 O1-S1-C4 108.83 (6) C3-C4-C5 121.48 (13) N2-S1-C4 105.90 (6) C3-C4-S1 117.44 (11) H1W-O1W-H2W
99 (2) C5-C4-S1 121.08 (10) O2-S1-N2-C7 59.45 (13) S1-C4-C5-C6 178.43 (10) O1-S1-N2-C7 −173.14 (11) (2) 3.030 (4) 155 (5) Symmetry codes: 
Special details
Experimental. Collected by NCS as 2013ncs0086. Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. Refinement. Methanol disordered about i. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Occ. (<1) S1 0.40767 (6) (6) 0.0165 (7) −0.0034 (5) −0.0017 (5) −0.0054 (5) C8 0.0167 (7) 0.0175 (7) 0.0167 (7) −0.0060 (5) 0.0011 (5) −0.0061 (6) C9 0.0139 (7) 0.0234 (7) 0.0203 (7) −0.0038 (6) 0.0017 (5) −0.0090 (6) C10 0.0141 (7) 0.0216 (7) 0.0227 (8) 0.0001 (6) −0.0022 (6) −0.0077 (6) C4 0.0133 (6) 0.0127 (6) 0.0141 (6) −0.0026 (5) 0.0007 (5) −0.0035 (5) C3 0.0137 (6) 0.0166 (7) 0.0175 (7) −0.0019 (5) −0.0035 (5) −0.0043 (5) C2 0.0141 (6) 0.0172 (7) 0.0187 (7) −0.0046 (5) −0.0024 (5) −0.0058 (6) C1 0.0141 (6) 0.0125 (6) 0.0143 (6) −0.0025 (5) 0.0015 (5) −0.0042 (5) C6 0.0129 (6) 0.0158 (7) 0.0172 (7) −0.0010 (5) −0.0026 (5) −0.0050 (5) C5 0.0130 (6) 0.0166 (7) 0.0168 (7) −0.0033 (5) −0.0016 (5) −0.0053 (5) Geometric parameters (Å, º) S1-O2 1.4407 (11) C9-H9 0.9500 S1-O1 1.4481 (11) C10-H10 0.9500 S1-N2 1.6061 (12) C4-C3 1.391 (2) S1-C4 1.7725 (14) C4-C5 1.392 (2) O2-S1-N2 113.94 (7) C10-C9-H9 121.7 O1-S1-N2 103.29 (6) N4-C10-C9 124.82 (14) O2-S1-C4 106.85 (7) N4-C10-H10 117.6 O1-S1-C4 106.51 (7) C9-C10-H10 117.6 N2-S1-C4 109.69 (7) C3-C4-C5 121.26 (13) C1-N1-H1N 112.2 (13) C3-C4-S1 119.87 (11) C1-N1-H2N 111.2 (15) C5-C4-S1 118.70 (11) (4) O2-S1-N2-C7 −51.72 (14) N2-S1-C4-C3 66.90 (13) O1-S1-N2-C7 −178.76 (12) O2-S1-C4-C5 6.20 (13) C4-S1-N2-C7 68.00 (13) O1-S1-C4-C5 131.09 (12) S1-N2-C7-N4 −12.9 (2) N2-S1-C4-C5 −117.77 (12) S1-N2-C7-N3 167.34 (10) C5-C4-C3-C2 0.6 (2) C10-N4-C7-N2 −179.34 (14) S1-C4-C3-C2 175.85 (11) C10-N4-C7-N3 0.4 (2) C4-C3-C2-C1 −1.9 (2) C8-N3-C7-N2 179.11 (13) C3-C2-C1-C6 1.4 (2) C8-N3-C7-N4 −0.6 (2) C3-C2-C1-N1 −176.48 (13) 
−169.13 (11) S1-C4-C5-C6 −174.09 (11) O1-S1-C4-C3 −44.24 (13) Hydrogen-bond geometry (Å, º) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. (10) 0.0131 (9) −0.0013 (7) 0.0000 (7) 0.0021 (8) N2 0.0093 (8) 0.0150 (10) 0.0154 (9) −0.0025 (7) 0.0033 (6) −0.0017 (7) supporting information sup-11
Acta Cryst. (2014). C70, 900-907 N3 0.0105 (8) 0.0136 (9) 0.0145 (9) −0.0018 (7) 0.0017 (6) −0.0008 (7) N4 0.0156 (9) 0.0180 (11) 0.0208 (10) −0.0057 (7) 0.0033 (7) −0.0036 (8) C4 0.0098 (9) 0.0141 (11) 0.0117 (10) 0.0000 (8) 0.0021 (7) 0.0001 (8) (18) C8-C9-C10 116.6 (2) C3-C4-S1 118.25 (16) C8-C9-H9 121.7 C5-C4-S1 120.42 (15) C10-C9-H9 121.7 C4-C3-C2 119.7 (2) N3-C8-C9 118.9 (2) C4-C3-H3 120.2 N3-C8-H8 120.6 C2-C3-H3 120.2 C9-C8-H8 120.6 C1-C2-C3
118.46 (19) H1W-O1W-H2W 99 (2) O1-S1-N2-C7 55.99 (19) N1-C1-C6-C5 178.3 (2) O2-S1-N2-C7 −176.45 (16) C3-C4-C5-C6 −1.0 (3) C4-S1-N2-C7 −63.17 (19) S1-C4-C5-C6 179.84 (18) O1-S1-C4-C3 −0.9 (2) C1-C6-C5-C4 2.0 (3) O2-S1-C4-C3 −126.17 (18) S1-N2-C7-N4 −0.6 (3) N2-S1-C4-C3 123.19 (18) S1-N2-C7-N3 178.80 (14) O1-S1-C4-C5
178
Symmetry codes: (i) −x+3/2, y−1/2, −z+3/2; (ii) −x+3/2, y+1/2, −z+3/2. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. (17) C2-C3-H3 120.3 O1-S1-N2 114.37 (16) C4-C3-H3 120.3 O2-S1-N2 103.10 (16) C5-C4-C3 121.0 (4) O1-S1-C4 107.10 (17) C5-C4-S1 120.1 (3) O2-S1-C4 105.90 (16) C3-C4-S1 118.7 (3) N2-S1-C4 110.06 (17 
Hydrogen-bond geometry (Å, º)
119.0 (4) N4-C10-C9 117.9 (4) C3-C2-H2 120.5 N4-C10-H10 121.1 C1-C2-H2 120.5 C9-C10-H10 121.1 O1-S1-N2-C7 −50.9 (3) S1-C4-C5-C6 174.9 (3) O2-S1-N2-C7 −177.7 (3) C2-C1-C6-C5 0.4 (6) C4-S1-N2-C7 69.7 (3)
178.7 (4) S1-N2-C7-N3 −12.7 (5) C1-C2-C3-C4 −2.4 (6) S1-N2-C7-N4 167.5 (3) C2-C3-C4-C5 1.6 (6) C8-N3-C7-N2 −178.6 (4) C2-C3-C4-S1 −173.
Hydrogen-bond geometry (Å, º) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq S1 0.21736 (6) 0.24493 ( (7) 0.0003 (4) −0.0106 (5) −0.0098 (5) F2 0.0366 (6) 0.0335 (7) 0.0236 (6) 0.0045 (5) 0.0003 (4) 0.0068 (5) F3 0.0405 (7) 0.0512 (8) 0.0388 (7) 0.0177 (6) 0.0144 (5) −0.0141 (6) F4 0.0243 (5) 0.0253 (6) 0.0322 (6) −0.0070 (4) −0.0003 (4) 0.0046 (5) O1 0.0184 (5) 0.0145 (6) 0.0194 (6) −0.0038 (4) −0.0066 (4) 0.0021 (5) O2 0.0242 (6) 0.0122 (6) 0.0131 (5) −0.0013 (4) 0.0037 (4) −0.0010 (5) O1W 0.0182 (6) 0.0221 (7) 0.0331 (7) −0.0004 (5) −0.0037 (5) −0.0056 (6) N1 0.0184 (6) 0.0114 (7) 0.0132 (7) 0.0001 (5) 0.0005 (5) 0.0014 (6) N2 0.0154 (6) 0.0079 (6) 0.0128 (6) −0.0026 (5) 0.0016 (5) −0.0002 (5) N3 0.0143 (6) 0.0100 (6) 0.0135 (6) −0.0008 (5) 0.0010 (5) 0.0010 (5) N4 0.0149 (6) 0.0153 (7) 0.0166 (7) −0.0036 (5) 0.0026 (5) 0.0006 (6) C1 0.0165 (7) 0.0098 (7) 0.0087 (7) 0.0011 (6) 0.0011 (5) 0.0001 (6) C2 0.0166 (7) 0.0122 (8) 0.0182 (8) −0.0046 (6) 0.0018 (6) 0.0010 (7) C3 0.0131 (6) 0.0134 (8) 0.0169 (8) −0.0031 (6) −0.0013 (5) −0.0006 (7) C4 0.0146 (7) 0.0090 (7) 0.0110 (7) −0.0002 (5) 0.0009 (5) −0.0012 (6) C5 0.0136 (7) 0.0133 (8) 0.0160 (7) −0.0033 (6) 0.0020 (5) 0.0010 (7) C6 0.0123 (6) 0.0155 (8) 0.0152 (7) −0.0009 (6) 0.0002 (5) 0.0003 (7) C7 0.0122 (6) 0.0097 (7) 0.0122 (7) 0.0005 (5) −0.0023 (5) 0.0006 (6) C8 0.0202 (7) 0.0123 (8) 0.0135 (7) 0.0025 (6) 0.0001 (6) −0.0007 (7) C9 0.0198 (7) 0.0193 (9) 0.0142 (8) 0.0023 (6) 0.0037 (6) −0.0017 (7) C10 0.0157 (7) 0.0218 (9) 0.0179 (8) −0.0019 (6) 0.0032 (6) 0.0020 (7) B1 0.0155 (8) 0.0201 (10) 0.0194 (9) 0.0029 (7) 0.0023 (6) −0.0027 (8)
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Geometric parameters (Å, º) S1-O1 1.4413 (11) N4-C10 1.334 (2) S1-O2 1.4528 (11) N4-C7 1.3463 (19) S1-N2 1.6006 (13) C1-C2 1.379 (2) S1-C4 1.7675 (16 (2) O1-S1-O2 115.10 (7) C3-C4-C5 121.16 (14) O1-S1-N2 116.50 (7) C3-C4-S1 119.46 (11) O2-S1-N2 103.96 (7) C5-C4-S1 119.30 (12) O1-S1-C4 107.78 (7) C6-C5-C4 118.88 (14) O2-S1-C4 108.33 (7) C6-C5-H5 120.6 N2-S1-C4 104.47 (7) C4-C5-H5 120.6 H1W-O1W-H2W 100.6 (17) C5-C6-C1 119.49 (14) O1-S1-N2-C7 −55.37 (14) S1-C4-C5-C6 −174.93 (12) O2-S1-N2-C7 176.88 (12) C4-C5-C6-C1 −1.8 (2) C4-S1-N2-C7 63.38 (13) C2-C1-C6-C5 0.1 (2) C6-C1-C2-C3 1.7 (2) N1-C1-C6-C5 −178.09 (14) N1-C1-C2-C3 179.84 (14) S1-N2-C7-N4 12.5 (2) C1-C2-C3-C4 −1.7 (2) S1-N2-C7-N3 −168.26 (11) C2-C3-C4-C5 −0.1 (2) C10-N4-C7-N2 178.32 (15) C2-C3-C4-S1 176.70 (12) C10-N4-C7-N3 −0.9 (2) O1-S1-C4-C3 5.16 (15) C8-N3-C7-N2 −178.12 (13) O2-S1-C4-C3 130.29 (13) C8-N3-C7-N4 1.2 (2) N2-S1-C4-C3 −119.36 (13) C7-N3-C8-C9 −0.3 (2) O1-S1-C4-C5 −178.00 (12) N3-C8-C9-C10 −0.8 (2) O2-S1-C4-C5 −52.87 (14) C7-N4-C10-C9 −0.2 (2) N2-S1-C4-C5 57.48 (14) C8-C9-C10-N4 1.1 (3) C3-C4-C5-C6 1.9 (2) Hydrogen-bond geometry (Å, º) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq S1 0.31611 (10) −0.07161 (5) 0.77390 (4) 0.01458 (14) 0.0343 (10) 0.0356 (10) 0.0215 (9) −0.0050 (8) −0.0109 (7) 0.0052 (7) O5 0.0255 (9) 0.0217 (8) 0.0147 (7) −0.0060 (6) −0.0035 (6) 0.0020 (6) N1 0.0210 (10) 0.0149 (9) 0.0139 (9) −0.0034 (8) −0.0004 (7) 0.0008 (7) N2 0.0170 (9) 0.0200 (9) 0.0093 (8) −0.0020 (7) −0.0033 (6) 0.0007 (7) N3 0.0158 (9) 0.0205 (9) 0.0117 (8) −0.0018 (7) −0.0023 (7) 0.0026 (7) N4 0.0166 (9) 0.0235 (9) 0.0136 (8) −0.0012 (7) −0.0032 (7) 0.0025 (7) N5 0.0188 (10) 0.0213 (9) 0.0223 (10) 0.0003 (8) 0.0016 (8) 0.0040 (8) C1 0.0160 (10) 0.0138 (9) 0.0114 (9) 0.0001 (8) 0.0019 (8) 0.0003 (7) C2 0.0163 (11) 0.0191 (10) 0.0122 (9) −0.0044 (8) −0.0033 (8) 0.0017 (8) C3 0.0135 (10) 0.0200 (10) 0.0138 (10) −0.0067 (8) −0.0007 (8) 0.0001 (8) C4 0.0121 (10) 0.0145 (9) 0.0115 (9) −0.0012 (7) −0.0002 (7) 0.0002 (7) (compiled Aug 27 2010,11:50:40) Empirical absorption correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm. Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
x y z U iso */U eq S1 0.28192 (13) 0.44093 (2) 0.77910 (9) 0.0177 (2) (2) Geometric parameters (Å, º) S1-O2 1.425 (2) C2-C3 1.383 (4) S1-O1 1.430 (2) C2-H2 0.9500 S1-N2 1.633 (3) C3-C4 1.375 (4) S1-C4 (compiled Aug 27 2010,11:50:40) Empirical absorption correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm. Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
x y z U iso */U eq S1 0.65276 (3) 0.85852 (10) 0.0218 (9) 0.0222 (9) 0.0228 (8) 0.0042 (7) 0.0029 (7) −0.0054 (7) O2 0.0187 (8) 0.0270 (9) 0.0205 (8) −0.0046 (7) 0.0056 (7) −0.0020 (7) O1W 0.0253 (10) 0.0363 (11) 0.0280 (10) −0.0046 (8) 0.0093 (8) −0.0074 (9) O3 0.0248 (10) 0.0409 (11) 0.0237 (9) 0.0013 (9) 0.0016 (8) −0.0093 (8) O2W 0.0226 (9) 0.0245 (10) 0.0273 (9) 0.0003 (8) 0.0037 (7) 0.0032 (8) O4 0.0312 (10) 0.0257 (9) 0.0182 (8) 0.0000 (8) 0.0091 (7) 0.0001 (7) O5 0.0229 (9) 0.0340 (10) 0.0305 (9) 0.0065 (8) 0.0041 (8) 0.0040 (8) O6 0.0373 (11) 0.0453 (12) 0.0258 (9) −0.0218 (9) 0.0082 (8) −0.0038 (9) N1 0.0186 (10) 0.0190 (10) 0.0185 (10) −0.0004 (9) 0.0062 (8) −0.0008 (9) N2 0.0166 (10) 0.0211 (10) 0.0169 (9) −0.0022 (8) −0.0012 (8) 0.0041 (8) N3 0.0156 (9) 0.0193 (10) 0.0193 (9) −0.0011 (8) 0.0027 (8) −0.0014 (8) N4 0.0217 (11) 0.0232 (10) 0.0255 (11) −0.0026 (9) 0.0035 (9) 0.0072 (9) C1 0.0127 (10) 0.0186 (11) 0.0180 (11) −0.0005 (9) 0.0027 (8) −0.0024 (9) C2 0.0248 (12) 0.0208 (12) 0.0185 (11) 0.0048 (10) 0.0041 (9) 0.0051 (10) C3 0.0238 (12) 0.0149 (11) 0.0224 (12) 0.0048 (9) 0.0050 (10) 0.0000 (9) C4 0.0121 (10) 0.0172 (11) 0.0159 (10) 0.0004 (9) 0.0021 (8) −0.0007 (9) C5 0.0237 (12) 0.0186 (11) 0.0180 (11) 0.0045 (10) 0.0053 (9) 0.0035 (9) C6 0.0262 (13) 0.0135 (11) 0.0214 (11) 0.0048 (9) 0.0079 (10) 0.0003 (9) supporting information sup-31
Acta Cryst. (2014). C70, 900-907 C7 0.0161 (11) 0.0159 (11) 0.0179 (11) 0.0010 (9) 0.0043 (9) −0.0017 (9) C8 0.0175 (11) 0.0232 (12) 0.0218 (12) −0.0007 (10) 0.0038 (9) −0.0037 (10) C9 0.0202 (12) 0.0225 (12) 0.0339 (14) −0.0061 (10) 0.0079 (10) 0.0011 (11) C10 0.0249 (13) 0.0244 (13) 0.0314 (13) −0.0019 (11) 0.0070 (11) 0.0087 (11) C11 0.0169 (11) 0.0211 (12) 0.0174 (11) −0.0024 (9) 0.0050 (9) −0.0028 (9) C12 0.0254 (13) 0.0248 (13) 0.0252 (12) 0.0035 (11) 0.0075 (10) −0.0079 (10) C13 0.0207 (12) 0.0280 (13) 0.0277 (13) 0.0066 (11) 0.0042 (10) 0.0002 (11) C14 0.0198 (12) 0.0286 (13) 0.0194 (11) −0.0058 (10) 0.0042 (9) −0.0064 (10) C15 0.0320 (15) 0.0299 (14) 0.0301 (14) 0.0051 (12) 0.0046 (11) −0.0141 (11) C16 0.0292 (14) 0.0272 (14) 0.0280 (13) 0.0079 (11) 0.0026 (11) −0.0056 (11) Geometric parameters (Å, º) S1-O1 1.4271 (17) C1-C6 1.383 (3) S1-O2 1.4390 (17) C2-C3 1.395 (3) S1-N2 1.6422 (19) C2-H2 0.9500 S1-C4 1.758 (2) C3-C4 1.382 (3) C10-N4-C7-N3 2.2 (4) C12-C11-C16-C15 0.7 (4) C10-N4-C7-N2 −178.2 (2) S2-C11-C16-C15 −179.7 (2) C8-N3-C7-N4 −2.9 (4) C14-C15-C16-C11 0.1 (4) C8-N3-C7-N2 177.5 (2) Hydrogen-bond geometry (Å, º) (2) 163 (4) Symmetry codes: (i) −x+1, −y+1, −z+1; (ii) −x+1/2, y+1/2, −z+1/2; (iii) −x+1/2, y+3/2, −z+1/2; (iv) −x+1, −y+2, −z; (v) −x+1, −y+2, −z+1; (vi) −x+3/2, y+1/2, −z+1/2; (vii) −x+1/2, y−1/2, −z+1/2.
